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SUMMARY

An analysls is presented of the normal accelerations and operating
conditions encountered by two dlfferent sirmail helicopters snd g mili-
tary pilot-training helicopter. The results, based on 4,325 flights
(618 hours of flying time), indicate that msneuvers are usually respon-
sible for the relatively large accelerations encountered, whereas gusts
contribute primarily to the large number of smaller accelerastions and
the corresponding increase in the smount of time spent in the accelerated
state.

The largest maneuver loads recorded to date are increments (meas-
ured from the 1 g normal-flight condition) of 1.40g and -1.25g, whereas
the lergest gust-accelerstion increment was 0.90g.

The percentages of total flight time spent in the various flight
conditions and speed ranges, as well as the acceleration time histories,
are very similar for the two airmsil helicopters and sppear to follow
8 definlte pattern as contrasted to the varied operating conditlons of
the military pilot-training helicopter.

INTRODUCTION

For meny yeasrs there has been a growing need for VGH type of infor-
mation for helicopters. This information - which provides an insight
into the opersating loads and the corresponding flight conditions, the
meximum loads likely to be encountered beceause of gusts or maneuvers,
and the percentage of time spent in the various flight conditions for
particular types of helicopter operations -~ ls of particular interest
both as an aid in establishing e more rational basls for helicopter
design and in more reglistically estimating the service life of certain
critical helicopter components.
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With the cooperation of the military departments and varilous commer-
cial operators, the National Advisory Committee for Aeronsuties is
engaged 1n a survey of the normal accelerstions and associgted flight
conditions encountered by hellcopters undergoing service use in seversl
different types of commerclsl and military operations.

Date for this survey have been obtained over a period of three years
by means of NACA helicopter VGH recorders (see fig. 1). This instrument,
which welghs only 15 pounds, records alrspeed, normel acceleratlion, and
altitude as a function of time. A discussion of the NACA helicopter
VGH recorder may be found in reference 1.

The results of the inltial phgse of this survey have been presented
in reference 1, which analyzed the dats obtained from an slirmaill heli-
copter operating in the vicinity of lIos Angeles, California (hereinafter
referred to as the "Los Angeles operation"). The present paper will
include these results and more recent data obtalned with the cooperstion
of an Army helicopter pllot-treining unit located at Fort Si1ll, Oklahoma,
(hereinafter referred to as the "military operation"), and an airmuil
helicopter operating in the vicinity of Chicago, Illinois (herein-
after referred to as the "Chicago operation"). In addition, a limited
amount of datas, which are included only in summary plots, were obtained
from both the Phase V all-weather testing unit at Wright Field, Ohio, and
& Navy helicopter detachment at Norfolk, Virginia.

METHODS AND RESULTS

Scope

The helicopters used for both the Chicago operation and the mili-
tary operation were similar; both had & seesaw rotor with a diameter
of 35 feet 2 inches and a normal gross weight of gbout 2,350 pounds.
The helicopter used in the Los Angeles operation was larger and had a
rotor dlameter of 48 feet and a gross weight of about 5,000 pounds.
Hellcopters similar to those used by the three operstors are shown in

figure 2.

The present data are based on records obtained in helicopters from
both the militery and the airmail-carrier operations; a limlted mumber
of records (which are analyzed and presented only in the final summary
plots) were obtained rrom other militery operations. A total of
2,634 flights, which represent 365 hours of flying time, was recorded
and anslyzed; when these records are combined with the Los Angeles data
(ref. 1), a total of 4,325 flights or 618 flying hours 1s cbtained.
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Data Presentation

Figure 3(a) is a sample helicopter VGH record for 1dentifying traces,
whereas figures 3(b) to 3(d) are typical records from both the military
and sirmail-carrier operations. All dats presented herein are obtained
from records similar to the illustrative samples. In the data reduction,
only the maximum and minimum accelerstion increments per flight whieh
exceeded the commonly used arbltrary threshold value of the acceleration
lncrement Aa, = $0.2g were recorded. All acceleration inerements are

grouped in O.lg class intervals to the nearest odd five-hundredths of a
g (for example: 10.25g, +0.35g, t0.45g, ete.).

In figures 4 to 9 are plotted the average number of flights or
lendings required to equal or exceed the glven value of acceleration
inerement. These values were obtained by cumletively summing the fre-
quency distribution of acceleration levels and then dividing the resulting
value at each level into the total number of flights or landings.

For the present case, the number of flights was considered to be
more significant than the number of flylng hours because the average
flight was of short durstion and a large percentage of the higher accel-
erations was encountered during the landing-spproach mansuver; however,
when helicopters are operationally used for longer flights, the use of
the number of flight hours may be consldered desirable, particulerly for
the en-route condition.

For the benefit of those who desire to apply the flying~hours scale
for a glven operator, table I presents the total number of flights, the
number of flying hours, and the average time per flight for each oper-
ation analyzed to date.

Survey of Speed Rangé and Flight Condition

A more thorough study of the records (about 300 flights) from each
operation was made to determine the percentage of total flight tlme spent
in each speed range and flight condition. A check survey of the remaining
records indicated that those chosen from each operatlon were representea-
tive. The results of this survey for the ILos Angeles, Chicago, and mili-
tary operations are shown in tables II and IIT.

Percentage of Flight Time Spent in Accelergted Condition

The percentage of flight +time spent in the accelerated state, during
which the rotating system of the helicopter experiences an added increment
to the always present periodic stresses, may be of interest. The records
were therefore examined to determine the time spent exceeding an arbitrary
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acceleration increment of +0.15g. From this examination the percentage

of total flight time spent at or above an accelerstion increment of 0.15g
was found to be 0.40 percent for the Los Angeles operation, 0.80 percent
for the Chicago operation, and 0.65 percent for the military operation.
Similarly, the percentage of time spent at or below an increment of -0.15g
was 0.05 percent for the Los Angeles operation, O.7T7 percent for the
Chicago operation, and 0.40 percent for the military operation.

Extended Analysis of Deta for All Acceleratlions Per Flight

For the militery and the Chicago operations, more complete data
reductions were avallable; that 1s, all accelerstions per flight which
exceeded the 0.2g increment were read and only the meximum and minimum
accelerations per flight were used for figures 4 to 9. In order to
provide & possible basis for future fatigue work, the results of a more
complete data reduction for the military and the Chicago operations are
presented in table IV as the actual number of acceleration increments
which were recorded in each cless intervel for each of the three flight
conditions. Figure 10 shows the average number of flying hours required
in each of the three flight condlitions to equal or exceed the gliven value
of acceleration increment. Figure 10(a) presents data for the Chilcago
operation, whereas figure 1O(b) presents data for the militery operation.

Figure 11 shows the difference between plotting all acceleration
increments per flight as opposed to using only the maximum or minimum
acceleration increments. Figure 11i(a) presents data for the Chicago
operation, whereas figure 11(b) presents data for the military opersation.

DISCUSSION

Operating Conditions

Although no detailed analysis of the data was made, a general sur-
vey determined the percentage of total flight time spent in certsin speed
brackets end flight conditions (tables II and III) for the three opera-
tions. Also, during the data reduction, same quallitative information
on flying conditliong was obtained, such as noting the frequent jump take-~
offs for the Los Angeles operation se compared with the relative absence
of the same maneuver for both the Chicago and the military operations.
Autorotetive spproaches constituted only e small percentage of the
landing spproaches for elther of the airmail helicopters, whereas they
were the outstanding maneuvers noted for the military operation.

For all three operations, the normal opersgting altitude was invari-
ably below a pressure altitude of 2,500 feet, and for the two airmail
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carriers the altitude-time traces were very similar, as was their average
time per flight. In contrast, the altitude-time trace for the military
operation showed no consistent pattern and the time per flight varied
widely, although the overall average time per flight was only a little
less than that for the average airmail-carrier flight.

Gust and Maneuver Losads

Although each operatlon sempled had varied characteristics, a sum-
mary plot combining the data from all five operations is believed to
have some value in indicating trends which the average helicopter might
be expected to encounter during its service life. The summsry plot of
flight accelerations is therefore presented in figure 4. The similarity
of the positive and negative acceleration increments up to a value of
about 0.8g should be noted.

The date obtained from the Phase V all-weather testing unit and the
Navy helicopter detachment at Norfolk, Virginia, are used only in the
summary plots (figs. 4 and 8) because there were not sufficient data on
which to base an operational comparison, as was made for the other three
operations.

In figure 4, as in succeeding figures where the problem arises, it
is possible to have two or more points for the same curve occurring at
the same number of flights. This condition is brought ebout (particularly
at the higher acceleration levels) by the statistical method of presentes.-
tion when no data are recorded in one or more accelerstion class intervals.

A comparison plot of the flight accelerations experienced in the
Los Angeles, Chicago, and military operations is presented in figure 5,
which shows thet the military operation experienced the most severe
accelerations recorded to date, whereas the Chlcago and Los Angeles
operations were progressively less severe. A further breakdown of the
date into the three significant flight conditions (take-off and climb,
en route, and landing approach) for each operation is shown in figure 6.
The most outstanding feature of this figure 1s that a glven acceleration
level will be reached sooner (on & basis of the maximum and minimum
accelerations per flight) in the landing-approach condition than in
either of the other flight conditions, even though less than 20 percent
of the total flight time (see table III) was spent in the landing-spproach
condition.

In the course of the date reduction it was noted that nearly all
the larger landing-approach loads were due to maneuvers; the two most
frequent ones were the negative load caused by the pushover into the
landing approach or autorotative condition and the positive load csaused
by the landing flareout. For the militery operation, in particular,
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the entry into autorotation and the autorotative flgreout were the most
severe maneuvers performed, since they produced the largest negative and
positive accelerstion increments (-1.25g and 1.40g) measured to date.

Take-0ff and Climb

Figures 7(a) to 7(c) are a cross plot of Ffigures 6(a) to 6(c) for
each of the three flight conditions; thus, a comparison.of the variations
among the three operations in each given flight condition is provided. A
comparison plot for the take-~off and c¢limb condition is shown in fig-
ure T(a), from which it is seen that there are only slight differences in
acceleration levels regardless of the type of operation. The accelera-
tions in the take-off and climb portion of the flight are, in general,
fairly small and spparently result from a combination of rough air and
corrective-control motions, except for the jump take-off and the transi-
tion from climb to level flight, which are the only two definite meneuver
loads noticed in thils region.

En Route

The comparison plot for the en-route portion of the flight is shown
in figure 7(b). The loads in this region are primarily due (either
directly or indirectly) to rough air. In rough sir, the records show a
large number of positlve and negative loads and a corresponding increase
in the amount of time gpent in the accelerated state, whereas in smooth
glr only an occasional disturbance is found on the acceleration trace.

(Compare figs. 3(c) and 3(d).)

The largest distinet gust-acceleration lncrement measured to date
wag 0.90g obtained from a flight of the Chicago operation. No out-
standing negative gust loads were noted.

Landing Approach

As mentioned previously, the landing-spproach portion of the f£flight,
which tekes less than 20 percent of the total flight time, accounts for
a large portion of the higher accelerations. Figure T(c) shows the com-
perison of the landing-approach loads for the three operations. The
military operstion experienced by far the most severe loads yet analyzed,
both positive and negative loads gpprosching the design load factor of
the helicopter. The design load factor for this helicopter is tl.5.

The normal scceleration immediately prior to contact was always
near 1 g for the airmail operations; however, for the military operation
this was not always so. A survey of sbout 1,000 flight records of the



NACA TN 3434 T

military operation was made, from which it was found that, in some cases,
negative accelerstion increments were experlenced immediately prior to
the landing impact (see table V). For the maximum increment of -0.70g,
the rotor carried as little as 30 percent of the weight of the hellcopter.
A careful enslysis of the cases where the normal accelerstion immedistely
prior to landing impact was less than 1l g seemed to indicate that they
were probably caused by an early landing flareout from an autorotational
descent, followed by either g reduction of collective pitch or & loss of
rotor speed and a resulting loss of 1lift just prior to impact.

The records from which the data for table V were obtained were simi-
lar to figure 5(&), which has a time scale of 0.6 inch of film per minute.
This scale made it difficult in meny cases to study the exact seguence
of the accelerations in the landing-impact region; therefore, only cases
in which the acceleration-time sequence could definitely be established
were usged in the tabulstion of teble V.

Landing ILoads

The loads occurring at landing impact were alsoc analyzed and the sum-
mary plot of the number of landings required to equal or exceed a given
value of asccelerstion increment 1s shown in figure 8. The positive
landing-impact acceleration increments are found to be comparable in mag-
nitude to the flight accelerations, whereas the negative increments,
which spparently are due to rebound from initial impact, are considerably
less than the corresponding flight accelerstions.

A breskdown of the summary plot of the landing-Iimpact accelerations
in order to show the comperison among the three operations is shown in
figure 9. Again, the military operation experienced by far the largest
landing-impact accelerations, whereas the values for the two airmeil
opersations are very similar and much less severe Iin magnitude.

The large, positive landing-impasct accelerations experienced by the
military operation are apparently due to the large number of full auto-
rotative landings, the rough terrain, and some night operations. The
added effects of gkid-type landing gears, which the Chicago and los
Angeles operations did not use, may also be a factor.

Operating Varlables

It is interestling to note the number of variables which might affect
the accelerstion experiences of the Chicago and Los Angeles operations,
for example, the operating conditions, pilot techniques, type of heli-
copter, and geographical location. The operating conditions of the two
airmeil operations were very similer, as shown in tables I and II. The
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only evident variation in pilot technique occurred during the take-off
the Los Angeles operation involved frequent jump take-offs (a8 judged by
the normel-accelerstion peak) as compared with the relative absence of
the same msneuver for the Chicago cperation. The deslgn of the two heli-
copters differed materially (see figs. 2(b) and 2(c)). Careful examina-
tion of the records seems to indicate that the primery differences in
accelerastion are due to differences in alr-roughness levels resulting
from geographical location. The Chicago operation encountered the
rougher alr end, therefore, a higher acceleration level (see fig. 5)
than the Los Angeles operation. It 1s felt that, in general, with the
exception of accelerations attributable to rough air, the acceleration
time historles of the Chicago and the Los Angeles operstions are similaxr.

The military (pilot-training) operation differed radically from the
alrmail operations. As the name implies, the militery pilot-training
unit spends most of its time instructing new helicopter pllots. This
type of operation, combined with an sbnormally lerge number of full,
autorotative landings on varlious types of terrain and some night opera-
tions, is probsbly one of the most severe routine operations that a
helicopter would be expected to encounter. For the operations sampled
to date (which inecludes new and limited data from three other operations
not herein presented), this is certainly shown to be true.

Acceleratlion Frequenecy of Occurrence

The parts of figures 10 and 11 are considered separately to show
the distribution of aeccelerstions and to provide a comparison for both
the militery pillot-tralning and the Chicego alrmall operations.

Figures 10(a) and 10(b) show the accelerstion frequency of occurrence
for each of the three flight conditions for the Chicago and military oper-
ations, respectively. As in the previous plots, the landing-spproach
region of flight was again found to be a dominating factor, since it had
acceleration frequency of occurrence greater than elther of the other
two flight conditions. Although the en-route portion of the flight did
not show as high an acceleration frequency of occurrence as the landing-
approach condition, a much larger percentage of the total flying time is
gpent in this condition. The en~route portion of the flight may, there-
fore, be critical from a fuselage-fatigue or passenger-comfort standpoint
owing to the large number of smsller accelerstions.

Figures 11(a) and 11(b) show, for the Chicago and the military pllot-
training operations, the comparison between plotting all acceleration
inerements per flight as opposed to using only the maximum and minimum
increment per flight. For both operations it is found that the two curves
are very similar, since they are identical at the higher acceleration
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levels and diverge gradually at the lower acceleration levels, as might
be expected when the average flight is of short duration. In general,
it should therefore be concluded that, at this time, the primary value
of presenting all asccelerations per flight is the possibility of future
use of such dats as an aid in fuselage-fatigue design or the develop-
ment of a correlation between stresses in the rotating system and the
accelerometer readings in conjunction with other information obtained
from the NACA helicopter VGH recorder. :

CONCLUDING REMARKS

An analysis has been made of the normal accelerations and opersting
conditions encountered by two alrmail helicopters and s military pilot-
training helicopter. The results of thls analysis indicate that maneu-
verg are usually responsible for the relatively large accelerations,
whereas gusts contribute primaerily to the large number of smeller accel-
erations and the corresponding increase in the amount of time spent in
the accelerated state.

The largest maneuver loads recorded to date are increments (meas-
ured from the 1 g normal-flight condition) of 1.40g and -1.25g, whereas
the largest gust-acceleration increment was 0.90g.

The operating condlitions and acceleration time history of the two
airmail helicopters are very similar and appear to follow a definite
pattern as contrasted to the varied operating conditions of the military
pilot-training helicopter.

Langley Aeronautical Laborsatory,
National Advisory Commlttee for Aeronsuties,
Langley Field, Va., January 20, 1955.
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TABLE TI.- COMPARISON OF THE FLIGHT TIME FOR

ALI. OPERATIONS ANALYZED

Total Total Total Aversge

Type of number Flight flight time per

operation of tine, time, flight,
flights min hr min
Military 1,385 9,71k 161.90 7.0
Los Angeles 1,691 15,180 253.00 8.0
Chicago 963 8,430 140.50 8.7
Al ~weather testing 152 1,515 25.25 10.0
Navy, Norfolk 134 2,262 37.40 16.9
Total I, 325 37,101 618.05 -—
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TABLE ITI.- SPEED-RANGE COMPARISON
Percent of total flight time at
P of indicated alrspeed of -
operatlon | o 1o o0 | 20 40 40 | k0 to 60 | 60 to 80 | Over 80
uph mph mph mph mph
Chicago 2.0 3.0 8.0 63.0 2k.0
Military 15.9 12.5 k5.2 26.4 o]
0 to 20 20 to 65 65 to 85 |over 85
Los Angeles mph mph mph mph
5.3 18'7 67.6 8-4
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TABLE III.- COMPARISON OF FLIGHT CONDITIONS

Percent of totel flight time spent
o of in each flight condition
operation Teke-off o | Lending
and climb En route approach
Chicago ik.0 T7.0 9.0
Los Angeles 1.5 73.8 11.7
Military 17.9 62.6 19.5

8pn-route condition was considered to begin when
the rate of climb was below 300 ft/min end to end when
the rate of descent exceeded 300 ft/min.



TABLE IV.~ NUMBER OF ACCELFRATTIONS RECORDED IN EACH

CLASS INTERVAL AND FOR EACH FLIGHT CONDITION

Chicago operaticn

Acceleration Military operation
increment,
A = units Maka-off — . Landing Lo Takea-of'f - . Tanding L.
T2 BT and olimb | BB TR | ppromch | TO! | and eltmd | PP T | gppromeh | TOTEL
0.25 862 4,827 1,400 7,089 506 2,96% 1,074 4,543
.35 100 Thl 37 1,191 69 6l; 213 926
A5 al 156 173 353 17 171l 60 248
«55 2 Ly 70 119 3 3. 15 Lo
65 1 18 33 52 1 15 11 27
15 1 9 22 32 5 0 5
B85 1 3 18 22 1 0 1
.95 5 5 1 1 2
1.05 3 3
1.15 1 1
1.25 0 0
1.35 1 1
1.5 1 1
25 2l 1,593 390 2,227 269 2,971 669 3,909
-35 1B 201 159 39 487 105 631
iz = ha T10 7 [+ Qrr A =L
Ll 2 qU L1 1=z Q oy Bl L0
55 2 1k 65 81 1 13 16 30
-.65 17 k6 6 2 15 17
=75 8 36 4 5 5
-.85 1 15 16 1 1
~.95 0 8 8
-1 305 l .|7 8
-1.15 3 3
-1.25 2 2

HT

hehe ML VOVN
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TABLE

V.- NEGATIVE ACCELERATION INCREMENTS EXPERTENCED

IMMEDIATELY PRIOR TO LANDING IMPACT

[_éurvey of 1,000 la.ndings]

Number Accelerstion
of increment,
landings Nan, g unlts
1k -0,25
]—2 - 30
)'" - 35
1 -.65
1 -.T0

15



Figure 1.- NACA helicopter VGH recorder.
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(a) Military pilot-training helicopter.
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(b) Chicago airmail helicopter.
Figure 2.~ Continued.
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L-87581

(d) Typical record of airmail operations in rough air.

FPigure 3.~ Sample flight records.
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QO Ppositive inecrement P
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o
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/] /E{
|
2
®
hual
g /
B /
&
£ "
L
1
10 f/
7
b -
0 .2 X .6 .8 1.0 1.2 1.k

Acceleration increment, Aa,, g units

Figure 4.- Summary plot of the average mumber of flights required to
equal or exceed a glven value of sccelerastion increment.
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10,000 1 I T
(O Los Angeles operation
& Chicago operation —
=] Military operation
1,000 aio! - Zﬂ
i T K | / "
j W 27, A
3
®
“
% 100
54
1
-1.6 -1.2 -.8 =k 0 83 .8 1,2 1.6

Acceleration increment,d a,, g vunits

Figure 5.~ Comparison plot of the flight accelerations experienced by
each of the three operators showlng the average number of flights
required to equal or exceed a gilven value of acceleration increment.
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10,000 - T T
A Take-off and climb
O En route
O Landing apprcach
- I [
A‘j<i 77
A
& \
=
o 100
b
2
A
1o \& /
1
1.6 -1.2 -.8 -l o} b .8 1.2 1.6

Acceleration increment, Aa;, g units

(a) Los Angeles operation.

Figure 6.- Comparison for the three flight conditions, for each opersator,
of the average number of flights required to equal or exceed a glven
value of acceleration increment.
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1
0,000 ] |
A Teke-off and climb

A En route -

¢ Landing approach

zz
i

g

IR

Number of flights

. X

10

2.6 1.2 -.8 -k 0 2 .8 1.2 1.6

Acceleration increment, da,, g units

(b) Chicago operstion.

Figure 6.- Continued.
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=k o} .k .8 1.2

Acceleration increment, Aan, g units

(¢) Military pilot-training operation.

Figure 6.- Concluded.
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10,000 L I
(O los Angeles operation
() Chicago operation ——l
O Military operation
1,000 © j’ E]
O &C
:’..
('™
9 100 :
4
: Il ?
10 \\ /
1
-1.6 =1.2 -.8 -y [¢] Wb .8 1.2 1.6

Acceleration increment, Aa,, g wunits

(a) Teke-off and climb.

Figure 7.~ Comparison of the varistion among the three operations, for
each flight condition, of the average number of flights required to .
equal or exceed & glven velue of scceleration increment.
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10,000 ' l l
O Los Angeles operation
O Chicago operation ]
o Military operation
1,000 1 7/3 2y

3

3

o 100 i

g

2
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10

/

i
|

b
~1.6 -1.2 -8 =t o

.4 .8 1.2 1.6

Acceleration increment, Asp, g units.

(b) En route.

Figure T.- Continued.
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10,000 T T I
O los Angeles operation
<> Chicago operation
o] Uilitary operation
o]
1,000 — N \."/ 3 <> /
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) u\i \ j J
= .
m AU
Q*\i} gf{
1 —
-1.6 -1.2 ) -k 0 4 .8 1.2 1.6

Acceleration increment, Aan, g units

(¢) Lending approach.

Figure 7.~ Concluded.
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Nurber of landings

10,000

1,000

=
8

10

29

-

QO Positive increment

O Hegative increment

e

/

f
i///f

b .6

.8

1.0

1.2

Acceleration increment, Aa.n, g units

1.

1.6

Figure 8.- Summary.plot of the number of landings required to equal or

exceed a glven value of acceleration increment.
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10,000 l ]
( los Angeles operation
204 Chicago operation —
G Military operation
E\El
v T 107104

&

£

3

; o

~

% 100

‘.. 0

1o

\E]\El\

. .
=
[+-]

-1.6 ~1.2 -.8 = 0 1.2 1.6

Acceleration increment, da,, g units

Figure 9.~ Comparison of the landing-impact accelerations, for the three
operators, of the average number of landings required to equal or
exceed a given value of acceleration increment.
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1,000 }

A Take-off and climb

£ En route

¢ Landing approach

[a)]

100 -
a J

L E 7‘/52,@
I

Number of hours

-1.6 -1.2 -.8 -k 0 A .8 1.2 1.6
Acceleration increment, day, g units
(&) Chicago operation.
Figure 10.- Comparison of the average number of flying hours required

in each flight conditlon to equal or exceed the given value of sccel-
eration increment.
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Figure 10.- Concluded.
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(a) Chicago operation.

Figure 11.- Comparison of plotting all acceleration increments per flight
as opposed to use of only the maximum and minimum acceleration incre-
ments per flight.
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Figure 11.- Concluded.
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